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Abstract

Characterization of Aspergillus carbonarius mutant in relation to carotenoid production and its application

Fungi are a unique group of organisms, different from all others in their behavior and cellular organization. They have an enormous range of activities – as pathogens of crop plants or humans, as decomposer organisms, as experimental “model organisms” for investigating genetics and cell biology and as producers of many important metabolites. Thousands of secondary metabolites have been described from fungi. For example, the penicillins (from Penicillium chrysogenum), the cephalosporins (from Cephalosporium or Acremonium species), and griseofulvin (from P. griseofulvum) are antibiotics produced commercially from fungi. Some secondary metabolites are plant hormones, like gibberellins produced by the parasitic fungus Gibberella fujikuroi. Secondary metabolites are marketed as pharmaceuticals, including ciclosporin A which suppresses organ rejection in transplant surgery. Further examples include the mycotoxins, such as the aflatoxins produced by Aspergillus flavus and A. parasiticus and the ergot alkaloids produced by Claviceps purpurea and related species. 

Many fungi have the potential to synthesize pigments as secondary metabolites. Most fungal pigments are melanins and are associated with sporulation structures.  These compounds help to protect cells from damage caused by reactive oxygen species such as hydrogen peroxide and superoxide. They are generally dark brown pigments formed by oxidative polymerization of phenolic compounds and are deposited in the cell wall. Species of Aspergillus glaucus, reported to produce pigments like erytroglaucin (red), auroglaucin (orange) and flavoglaucin (yellow). Species of Aspergillus tawarii and Aspergillus sydowii are well known for the production of Xanthomegnin (yellow) and viomellein (Yellow) pigments. Some filamentous fungi such as Phycomyces blakesleeanus, Mucor circinelloides, and Blakeslea trispora possess the ability to synthesise carotenoid pigments. Many microorganisms were exploited for the production of carotenoids such as Blakeslea trispora for β-carotene, Rhodosporidium for γ-carotene, Mycobacterium lacticola & Phaffia rhodozyma for astaxanthin, Brevibacterium for canthaxanthin and Monascus purpureus and Streptomyces coelicolor for polyketides,. Canthaxanthin has been used as food and feed additive for eggyolk, fish and crustacean farms, in cosmetics and as an orally administered pigmenting agent for human skin in pharmaceutical applications. It plays important roles in animal displays of maturity and in the protection of tissues against oxidizing free radicals.

In this laboratory a mutant Aspergillus carbonarius isolated for polygalacturonase over production in shake flasks secreted copious quantities of the enzyme when the growth medium acidified to low pH. During growth under these conditions, the mutant fungus showed features different from that of the wild type. Importantly, it synthesized a yellow pigment, partially saturated canthaxanthin (PSC) which found pharmaceutical applications. This thesis describes studies on the mutant A. carbonarius.

The characterization of the mutant fungus and the possible mechanism involved in its ability to grow in shake flasks at extreme acidic conditions are described. Though the mutant was morphologically distinct from the wild type due to yellow pigmented mycelia, RAPD analysis confirmed its identity as the variant of the wild type A. carbonarius. The pigment (partially saturated canthaxanthin) production and deposition in the mycelia membrane caused a permeability barrier to H+ ions for intracellular pH homeostasis. Thus the mutant was able to grow in extremely acidic conditions and secrete the enzyme under such condition. Probable synthetic pathway of the pigment suggested that the carotenoid originated from the mevalonate pathway. Some other intermediates, not phytoene, were apparently involved in the pigment synthesis. Occurrence of other cyclases, instead of lycopene cyclase, involved in the cyclization reactions to cause pigment synthesis. Results also suggested the possible occurrence of mutation in the isoprenoid pathway for higher production of carotenoid as well as ergosterol. Increased ergosterol concentration with decreased PSC concentration during growth in presence of diphenylamine and vice versa, when grown in the medium containing nicotine, revealed a flow of carbon either for sterol biosynthesis or for carotenoids. 

	For studies on the absorption and bioavailability of A. carbonarius carotenoid, PSC was fed to Wistar rats. These results showing increased ascorbic acid and decreased lipid peroxides in liver suggested the importance of PSC as a dietary compound. The reduction in total cholesterol in the rats fed with PSC was apparently due to decreased serum LDL cholesterol. Dietary PSC in rats showed elevated levels of catalase and glutathione transferase apparently activating endogenous antioxidant defense mechanism. Dietary intake of PSC even at 0.25%, did not result in any treatment related adverse effects in Wistar rats. Thus its possible use in food and therapeutical applications appear feasibility. Upon oral administration, the occurrence of maximum concentration of PSC in the plasma of rats within short period of 3 – 6 h, suggested its consumption to exert health benefits. 

Based on the results above, potential food applications of the pigment, as nutraceutical, were explored.  Preparation of spray dried product with antioxidant property and shelf life are explained. The spray drying of PSC resulted in a free flowing, dry yellow to light brown coloured powder and showed greater storage stability and improved antioxidant property.


